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VITAMINS AND OTHER NUTRIENTS

Apparent Nitrogen Digestibility Data: AACC-—ASTM Collaborative Study
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Apparent nitrogen digestibility data were obtained from 4 laboratories
for 6 protein sources and 2 diet levels, 6 and 10% protein, after a 2-
day adaptation period during the AACC-ASTM protein efficiency
ratio (PER) and net protein ratio (NPR) collaborative studies. For 5
protein sources fed as 10% of the diet, the interlaboratory variation as
measured by coefficient of variation (CV) values was low (1.5-3.5%),
indicating high precision of the method. Wheat flour (6% protein diet)
had the highest variation and, therefore, the lowest precision (CV of
7.10%). The interlaboratory variation (CV value) for 3 of the 4 labo-
ratories was considerably lower, less than half that for the 4 labora-
tories. An analysis of variance of apparent nitrogen digestibility data
indicated significant (P <0.05) effects for the 4-laboratory group due
to laboratories and protein diets at both 10 and 6% protein levels, and
for the 3-laboratory group at the 10% protein level. The 3-laboratory
ANOVA for the 6% diets indicated a significant effect (P <0.05) due
to diet only.

The use of dietary protein by the body for growth and main-
tenance is dependent not only on the presence and relative
amounts of the essential amino acids, but also on digestibility
of the protein, and utilization of the released amino acids (1).
At the turn of the century, Atwater and colleagues (2) deter-
mined and used coefficients of digestibility to calculate energy
values of food groups (3-5). Recently, the rationale for esti-
mating protein nutritional quality of foods from amino acid
composition data with and without corrections for digestibil-
ity data was discussed by Pellet and Young (6). The use of
this approach to predict protein nutritional value for adults
was reviewed by Bodwell (7). The effects of the variation of
protein digestibility were reviewed by Hopkins (5), and Ritchey
and Taper reported on the estimation of protein digestibility
for humans from rat assays (8). It was the consensus at the
Airlie Conference on ‘‘Protein Quality in Humans: Assess-
ment and In Vitro Estimation,” March 23-26, 1980, that

corrections to allow for differences in nitrogen digestibility-

and/or essential amino acid bioavailability be included in
amino acid scoring procedures that are used to estimate pro-
tein nutritive quality of foods (9).

Apparent nitrogen digestibility is a valuable parameter used
in estimating protein nutritional quality of a food (5). Appar-
ent nitrogen digestibility can be obtained during determina-
tion of protein efficiency ratio (PER), net protein ratio (NPR),
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or other rat feeding tests, with only a small increase in work.
There has been considerable interest in obtaining information
on the interlaboratory variability of apparent nitrogen diges-
tibility. Accordingly, this was included in the AACC-ASTM
collaborative study on PER and NPR bioassays (10-12). Four
of the collaborators agreed to participate in this aspect of the
study.

Experimental

Apparent nitrogen digestibility data were collected by 3
laboratories by using a modified Mitchell procedure (13) and
equations defined in other publications (6, 14-16) during the
AACC-ASTM PER and NPR collaborative studies on only
those rats subjected to a 2-day adaptation period before being
fed the PER-NPR test diets (10-12). A fourth laboratory
(Laboratory 3) collected apparent nitrogen digestibility data
during a separate digestibility study using the same experi-
mental procedures. Five test diets containing 10% protein
(ANRC casein, lactalbumin, lyophilized lean beef, textured
vegetable protein, and peanut flour) and 3 test diets containing
6% protein (ANRC casein, wheat flour, and textured vege-
table protein) were fed by all collaborators during the diges-
tibility determinations. There were 10 rats per diet. Filter
paper, other similar absorbent paper, or absorbent boards,
were used in the bottom of the cages to absorb urine and
minimize possible urine contamination of the feces. The feces
from each rat on a diet was collected on days 10 through 14
by a feeding-collection time schedule and carefully separated
from any spilled food. The feces from the 10 rats in a diet
group were composited and dried overnight in an oven at
about 100°C. Each composited dried feces sample was equi-
librated to room temperature and humidity, and was then
ground, mixed thoroughly, and analyzed for nitrogen by AOAC
method 2.057 and for moisture by AOAC method 24.003 7).
Feed intake was determined by monitoring uneaten food.

" Scattered food was carefully collected and all extraneous

matter was separated before the food was weighed and ana-
lyzed for moisture and nitrogen (17). The weight of uneaten
food was deducted from the weight of food offered to the
animals to obtain the weight of food consumed. Apparent
nitrogen digestibility and apparent diet digestibility were cal-
culated on a moisture-free basis, using the following equa-
tions (5, 6, 14-16):

Apparent diet digestibility
_ feed intake — fecal weight

feed intake

X 100

Apparent nitrogen digestibility
_ hitrogen intake — fecal nitrogen

nitrogen intake

X 100

Results and Discussion

The percent apparent nitrogen digestibility for each protein
diet from each laboratory, the mean of the values from 3
(Labs 3, 5, and 7) and from 4 laboratories (Labs 2. 3.5, and



Table 1. Percent apparent nitrogen digestibility data® for 6 protein sources

Laboratory 4 Laboratories® 3 Laboratories?
Protein source 2 3 5 7 Mean SD CV,°% Mean SD CV,°%
10% Protein Diets
Casein 94.4 91.7 92.5 91.4 925 1.35 1.46 91.9 0.57 0.62
Beef 944 91.7 92.2 91.4 92.4 1.36 1.47 91.8 0.40 0.44
Lactalbumin 95.5 92.0 91.9 92.3 92.9 1.72 1.86 92.1 0.21 0.23
Peanut flour 94.5 89.3 89.8 87.4 90.2 3.02 3.34 88.8 1.27 1.42
Text. veg. protein 92.1 86.1 87.6 85.1 87.7 3.09 3.53 86.3 1.26 1.46
6% Protein Diets
Casein 93.0 89.1 89.5 88.1 89.9 213 237 88.9 0.72 0.81
Wheat flour 92,5 83.8 814 78.7 84.1 597 7.10 81.3 2.55 3.14
Text. veg. protein 91.2 86.5 85.4 83.8 86.7 3.18 3.67 85.2 1.36 1.59

“Calculated on a moisture-free basis.

®Values calculated for data from Laboratories 2, 3, 5, and 7.
“Coefficient of variation = SD/mean x 100.

%Values for data from Laboratories 3, 5, and 7.

7), the standard deviation (SD) of those means, and the coef-
ficients of variation (CV) are given in Table 1. The apparent
nitrogen digestibility values for each diet were in close agree-
ment for 3 laboratories (Table 1). The fourth laboratory reported
consistently higher results. The interlaboratory variation as
measured by CV values is low, indicating high precision of
the method on all 5 protein sources fed as 10% of the diet
from either the 3-laboratory or 4-laboratory data. However,
the 3-laboratory data exhibited much less variation, indicat-
ing increased precision. Wheat flour (6% diet) had the highest
variation, and therefore the lowest precision. The intralabor-
atory variation could not be determined because the feces
were composited for the 10 rats in each trial. Data from an
analysis of variance (ANOVA) calculated over protein sources
and 4 laboratories are shown in Table 2. The interlaboratory
variability is low for the nitrogen digestibility of the five 10%
protein diets. Although doubled for the three 6% protein
diets, the level of variability was still acceptable (Table 2).

In conclusion, apparent nitrogen digestibility data indi-
cated high precision among the 3 laboratories (Labs 3, 5. and
7) and acceptable precision for 4 laboratories (Labs 2, 3. S,
and 7), as measured by the coefficient of variation. However,
an ANOVA indicated significant (P <0.05) effects due to
laboratories and diets at the 10% protein level for the 3- and
4-laboratory groups and at the 6% protein level for the 4-
laboratory group. An ANOVA for the 3 laboratories showed
a significant effect (P <0.05) due to diet only for the 65 diet
level data.

Table 2. Interlaboratory variability for digestibility data over
laboratories and protein sources

Mean,? cvpe
Source % Variance® SD %
Over 4 Laboratories (2, 3, 5, and 7)
10% Protein diets (5):
Nitrogen 91.2 5.03 2.24 2.46
Diet 90.9 4.02 2.01 221
6% Protein diets (3):
Nitrogen 86.9 16.8 4.1 472
Diet 91.1 5.31 2.3 2.52
Over 3 Laboratories (3, 5, and 7)
10% Protein diets (5):
Nitrogen 90.2 0.74 0.86 0.95
Diet 89.9 0.24 0.49 0.54
6% Protein diets (3):
Nitrogen 85.1 3.01 1.74 2.04
Diet = 90.0 0.36 0.60 0.67

*Calculated on a moisture-free basis.
*Coefficient of variation = SD/mean x 100. SD = \/variance.

The data also clearly indicated differences in digestibility
between protein sources, and therefore the method is useful
and valuable for estimating apparent nitrogen digestibility of
a food protein source. It will also be useful for correlating in
vitro and in vivo digestibility data, and in developing an in
vitro method for estimating apparent nitrogen digestibility.
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